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Abstract 



A curable coating composition is described comprising (A) a carbamate- or urea-functional compound that 
is the reaction product of a mixture comprising (1) a compound comprising a carbamate or urea group or a 
group that can be converted to carbamate or urea, and a hydroxy! functional group (2) a compound 
comprising inorganic functional groups that are reactive with hydroxy! groups on a plurality of molecules of 
compound (A)(1), but that are not reactive with the carbamate or urea groups on compound (A)(1), (B) a 
compound comprising a plurality of groups that are reactive with carbamate or urea. 
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(A) a carbamate- or urea -functional compound that 
is the reaction product of a mixture comprising 

(1) a compound comprising a carbamate or 
urea group or a group that can be converted to 
carbamate or urea, and a hydroxyl functional 
group 

(2) a compound comprising inorganic func- 
tional groups that are reactive with hydroxy! 
groups on a plurality of molecules of compound 
(A)(1), but that are not reactive with the car- 
bamate or urea groups on compound (A)(1), 

(B) a compound comprising a plurality of groups 
that are reactive with carbamate or urea. 



Primed Dy Xerox (UK) Business Services 
2 16 3/34 



EP 0 767 232 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 11 5613 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION Of THE 
APPLICATION (lnt.CI-6) 



D.A 



US 3 959 201 A (CHANG) 

* abstract * 

* example 92 * 

EP 0 594 068 A (BASF CORPORATION) 



1,2,4,11 



C09D201/02 



TECHNICAL RELDS 
SEARCHED {In!. CI. 6) 



C090 



The present search report has been drawn up tor ail claims 



Ptaco ot soaicft 

THE HAGUE 



Dai* oi compifttion ot th« ••ircn 

18 March 1998 



Eunntt 

Mazet, J-F 



CATEGORY OF CITED DOCUMENTS 

particularly relevant it taken alone 
particularly relevant (t eomCinec with another 
Document of the same category 
technoiogt&ai background 
non-written disclosure 
intermediate document 



T • theory or pnncole underlying the invention 
E earlier patent document, Dul published on. or 

after the tiling date 
D document oted in the application 
L ' document ated lor other reasons 

& member of the same patent family, corresponding 
document 



2 



(19) 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets 



(12) 



(43) Date of publication: 

09.04.1997 Bulletin 1997/15 

(21) Application number: 96115613.0 

(22) Date of filing: 28.09.1 996 



(H) EP 0 767 232 A2 

EUROPEAN PATENT APPLICATION 

(51) int. Ci 6 : C09D 201/02 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

(30) Priority: 06.10.1995 US 540278 
15.08.1996 US 698572 

(71) Applicant: BASF CORPORATION 

Mount Olive, New Jersey 07828-1234 (US) 

(72) Inventors: 

• Ohrbom, Walter H, 
Hartland Township, Michigan 48353 (US) 



• McGee, John D. 

Highland, Michigan 48356 (US) 

• Bammel, Brian D. 
Highland, Michigan 48357 (US) 

• Seaver, Todd A. 

Fori Wayne, Indiana 46825 (US) 

(74) Representative: Kluth, Bernhard et al 
BASF Lacke + Farben AG, 
Patente, Lizenzen, Dokumentation, 
Postfach 6123 
48136 Munster (DE) 



(54) Curable compositions for coatings 

(57) A curable coating composition is described 
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(A) a carbamate- or urea -functional compound that 
is the reaction product of a mixture comprising 

(1) a compound comprising a carbamate or 
urea group or a group that can be converted to 
carbamate or urea, and a hydroxyl functional 
group 

(2) a compound comprising inorganic func- 
tional groups that are reactive with hydroxyl 
groups on a plurality of molecules of compound 
(A)(1), but that are not reactive with the car- 
bamate or urea groups on compound (A)(1), 



(B) a compound comprising a plurality of groups 
that are reactive with carbamate or urea. 
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Description 

Field of the Invention 

This invention relates to curable coating composi- 
tions, particularly to curable compositions utilizing a car- 
bamate- or urea-functional compound as one of the 
components of the composition. 

Background of the Invention 

Curable coating compositions such as thermoset 
coatings are widely used in the coatings art. They are 
often used for topcoats in the automotive and industrial 
coatings industry. Color-plus-clear composite coatings 
are particularly useful as topcoats where exceptional 
gloss, depth of color, distinctness of image, or special 
metallic effects are desired. The automotive industry 
has made extensive use of these coatings for automo- 
tive body panels. Color-plus-clear composite coatings, 
however, require an extremely high degree of clarity in 
the clearcoat to achieve the desired visual effect. High* 
gloss coatings also require a low degree of visual aber- 
ations at the surface of the coating in order to achieve 
the desired visual effect such as high distinctness of 
image (DOI). 

Such coatings are especially susceptible to a phe- 
nomenon known as environmental etch. Environmental 
etch manifests itself as spots or marks on or in the finish 
of the coating that often cannot be rubbed out. 

Curable coating compositions based on curable 
components having carbamate or urea functionality 
have been proposed have been described in the art to 
provide etch-resistant coatings, e.g., U.S. Patent 
5,356.669 and WO 94/10211. 

In addition to resistance to environmental etch, a 
number of other characteristics can be desireable. For 
example, it may be desireable to provide a coating hav- 
ing a high degree of flexibility. This can be particularly 
advantageous if the substrate on which the coating is 
placed is itself flexible, as in the case of plastic, leather, 
or textile substrates. 

It is also desirable to reduce the amount of solvent 
required in coating compositions in order to reduce the 
volatile organic content (VOC). which is better for the 
environment. 

Finally, it is desirable to provide a variety of car- 
bamate- or urea-functional to provide coatings with a 
good combination of properties such as durability, hard- 
ness, and resistance to scratching, marring, solvents, 
and acids. 

Summary of the Invention 

According to the present invention, there is pro- 
vided a coating composition comprising 

(A) a carbamate- or urea-functional compound that 
is the reaction product of a mixture comprising 



(1) a compound comprising a carbamate or 
urea group or a group that can be converted to 
carbamate or urea, and a hydroxyl functional 
group 

5 (2) a compound comprising inorganic func- 

tional groups that are reactive with hydroxyl 
groups on a plurality of molecules of compound 
(A)(1), but that are not reactive with the car- 
bamate or urea groups on compound (A)(1), 

TO 

(B) a curing agent comprising a plurality of groups 
that are reactive with the functional groups on com- 
pound (A). 

)5 The present invention provides coatings having a 
good combination of properties such as durability, hard- 
ness, and resistance to scratching, marring, solvents, 
and acids. Coating compositions according to the inven- 
tion can also provide low VOC levels, and can be used 

20 to prepare coatings having good flexibility for use over 
flexible substrates. 

Description of the Preferred Embodiments 

25 According to the present invention, compound 
(A)(1) has a carbamate or urea group (or a group that 
can be converted to carbamate or urea) and a hydroxy! 
group is reacted with a compound (A)(2) comprising 
inorganic functional groups that are reactive with 

30 hydroxyl groups on a plurality of molecules of com- 
pound (A)(1). but that are not reactive with the car- 
bamate or urea groups on compound (A)(1). Reaction 
of just (A)(1) with (A)(2) will result in a compound having 
the residues of two (A)(1) compounds linked together by 

35 a the residue of compound (A)(2). Inclusion of a pofyol 
in the reaction mixture, with appropriate adjustment of 
the amount of (A)(2) can result in an extended com- 
pound, as is known in the art, terminated with (A)(1) 
compounds. Useful diols include 1,6-hexane diol, 2- 

4c ethyl-i,3-hexane diol, neopentyl glycol, cyclohexane- 
1,4-dimethylol, bisphenol A, polyether polyols such as 
Pluronic® polyols sold by BASF Corporation, 1,2-hex- 
ane diol, and the like. Useful polyols of higher function- 
ality include trimethylol propane, pentaerythritol, acrylic 

45 polyols. and the like. Also useful are diols having a pen- 
dant carbamate group or a pendant urea group. Diols 
having a pendant carbamate group can be formed by 
ring-opening a hydroxyalkyl -substituted cyclic carbon- 
ate with ammonia or a primary amine using known tech- 

so niques. Diols having a pendant carbamate group can be 
formed by ring-opening a hydroxyalkyl-substituted oxa- 
zolidone with ammonia or a primary amine using known 
techniques. 

A number of compounds may be used as the com- 
55 pound (A)(1) having a carbamate or urea group (or 
group that can be converted to carbamate or urea) and 
a hydroxyl group. 

Carbamate groups can generally be characterized 
by the formula 
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0 

II 

— 0 — C — NHR 



wherein R is H or alkyl, preferably of 1 to 4 carbon 
atoms. Preferably, R is H or methyl, and more preferably 
R is H. Urea groups can generally be characterized by 
the formula 

0 

II 

NR * -C — NHR" 



wherein R* and R M each independently represents H or 
alkyl, preferably of 1 to 4 carbon atoms, or R' and R" 
may together form a heterocyclic ring structure (e.g., 
where R* and R" form an ethylene bridge). 

Compounds having a carbamate or urea group (or 
group that can be converted to carbamate or urea) and 
a hydroxyl group are known in the art and are commer- 
cially available. These include, for example, hydroxy- 
alkyl carbamates '(e.g., hydroxypropyl carbamate, 
hydroxybutyl carbamate), hydroxy ureas (e.g.. hydrox- 
yethyl ethylene urea), and hydroxyalkyl cyclic carbon- 
ates, which can be converted to carbamate by ring- 
opening the cyclic carbonate with ammonia or a primary 
amine as described below. 

Another group of compounds having a carbamate 
or urea group (or group that can be converted to car- 
bamate or urea) and a hydroxyl group are compounds 
formed by reacting a lactone or a hydroxy carboxylic 
acid with a compound having an active hydrogen group 
capable of ring-opening the lactone (e.g.. hydroxyl, pri- 
mary amine, acid) or capable of undergoing a conden- 
sation reaction with the acid group of the hydroxy 
carboxylic acid, and a carbamate or urea group or a 
group that can be converted to carbamate or urea. 
When a compound having an active hydrogen group 
and a group that can be converted to carbamate or urea 
is used to ring-open the lactone, conversion of the group 
to a carbamate or urea can be accomplished during or 
after the ring-opening reaction. 

Compounds having a carbamate or urea group and 
an active hydrogen group are known in the art. Hydrox- 
ypropyl carbamate and hydroxyethyl ethylene urea, for 
example, are well known and commercially available. 
Amino carbamates are described in U.S. Patent 
2,842,523. Hydroxyl ureas may also be prepared by 
reacting an oxazolidone with ammonia or a primary 
amine or by reacting ethylene oxide with ammonia to 
form an amino alcohol and then reacting the amine 
group of that compound or any other amino alcohol with 
hydrochloric acid, then urea to form a hydroxy urea. 
Amino ureas can be prepared, for example, by reacting 
a ketone with a diamine having one amine group pro- 



tected from reaction (e.g., by steric hindrance), followed 
by reaction with HNCO (i.e.. the product of the thermal 
decomposition of urea), and then water. Alternatively, 
these compounds can be prepared by starting with a 

5 compound having an active hydrogen and a group that 
can be converted to carbamate or urea as described 
below, and then converting that group to the carbamate 
or urea prior to commencement of the lactone ring- 
opening reaction. 

to Groups that can be converted to carbamate include 
cyclic carbonate groups, epoxy groups, and unsatu- 
rated bonds. Cyclic carbonate groups can be converted 
to carbamate groups by reaction with ammonia or a pri- 
mary amine, which ring-opens the cyclic carbonate to 

75 form a p-hydroxy carbamate. Epoxy groups can be con- 
verted to carbamate groups by first converting to a 
cyclic carbonate group by reaction with C0 2 . This can 
be done at any pressure from atmospheric up to super- 
critical C0 2 pressures, but is preferably under elevated 

20 pressure (e.g., 60-150 psi). The temperature for this 
reaction is preferably 60-l50°C. Useful catalysts include 
any that activate an oxirane ring, such as tertiary amine 
or quaternary salts (e.g.. tetramethyl ammonium bro- 
mide), combinations of complex organotin hatides and 

25 alkyl phosphonium halides (e.g.. (CH 3 ) 3 Snl, Bu 4 Snl 1 
Bu 4 PI. and (CH 3 ) 4 Pl) ( potassium salts (e.g., K 2 C0 3 , Kl) 
preferably in combination with crown ethers, tin octoate. 
calcium octoate. and the like. The cyclic carbonate 
group can then be converted to a carbamate group as 

30 described above. Any unsaturated bond can be con- 
verted to carbamate groups by first reacting with perox- 
ide to convert to an epoxy group, then with C0 2 to form 
a cyclic carbonate, and then with ammonia or a primary 
amine to form the carbamate. 

35 Other groups, such as hydroxyl groups or isocy- 
anate groups can also be converted to carbamate 
groups. However, if such groups were to be present on 
the compound and then converted to carbamate after 
the ring-opening reaction with the lactone, they would 

*o have to be blocked so that they would not react with the 
lactone or with the active hydrogen groups involved in 
the lactone ring-opening reaction. When blocking these 
groups is not feasible, the conversion to carbamate or 
urea would have to be completed prior to the lactone 

45 ring-opening reaction. Hydroxyl groups can be con- 
verted to carbamate groups by reaction with a monoiso- 
cyanate (e.g., methyl isocyanate) to form a secondary 
carbamate group or with cyanic acid (which may be 
formed in situ by thermal decomposition of urea) to form 

so a primary carbamate group (i.e., unsubstituted car- 
bamates). This reaction preferably occurs in the pres- 
ence of a catalyst as is known in the art. A hydroxyl 
group can also be reacted with phosgene and then 
ammonia to form a compound having primary car- 

55 bamate group(s), or by reaction of a hydroxyl with phos- 
gene and then a primary amine to form a compound 
having secondary carbamate groups. Another approach 
is to react an isocyanate with a compound such as 
hydroxyalkyl carbamate to form a carbamate-capped 
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isocyanate derivative. For example, one isocyanate 
group on toluene diisocyanate can be reacted with 
hydroxypropyl carbamate, followed by reaction of the 
other isocyanate group with an excess of polyot to form 
a hydroxy carbamate. Finally, carbamates can be pre- 5 
pared by a transesterif ication approach where hydroxy! 
group reacted with an alkyl carbamate (e.g., methyl car- 
bamate, ethyl carbamate, butyl carbamate) to form a 
primary carbamate group-containing compound. This 
reaction is performed under heat, preferably in the pres- 70 
ence of a catalyst such as an organometallic catalyst 
(e.g., dibutyitin dilaurate). Other techniques for prepar- 
ing carbamates are also known in the art and are 
described, for example, in P. Adams & F. Baron, "Esters 
of Carbamic Acid", Chemical Review, v. 65, 1965. 15 

Groups such as oxazolidone can also be converted 
to urea after the ring-opening reaction with the lactone. 
For example, hydroxyethyl oxazolidone can be used to 
initiate the ring-opening reaction with the lactone, fol- 
lowed by reaction of ammonia or a primary amine with 20 
the oxazolidone to generate the urea functional group. 

Other groups, such as amino groups or isocyanate 
groups can also be converted to urea groups. However, 
if such groups were to be present on the compound and 
then converted to urea after the ring-opening reaction 
with the lactone, they would have to be blocked so that 
they would not react with the lactone or with the active 
hydrogen groups involved in the lactone ring-opening 
reaction. When blocking these groups is not feasible, 
the conversion to carbamate or urea would have to be 
completed prior to the lactone ring-opening reaction. 
Amino groups can be converted to urea groups by reac- 
tion with a monoisocyanate (e.g., methyl isocyanate) to 
form a secondary urea group or with cyanic acid (which 
may be formed in situ by thermal decomposition of 
urea) to form a primary urea group. This reaction prefer- 
ably occurs in the presence of a catalyst as is known in 
the art. An amino group can also be reacted with phos- 
gene and then ammonia to form a compound having pri- 
mary urea group(s), or by reaction of an amino group 
with phosgene and then a primary amine to form a com- 
pound having secondary urea groups. Another 
approach is to react an isocyanate with a hydroxy urea 
compound to form a ureacapped isocyanate derivative. 
For example, one isocyanate group on totuene diisocy- 
anate can be reacted with hydroxyethyl ethylene urea, 
followed by reaction of the other isocyanate group with 
an excess of polyol to form a hydroxy carbamate. 

One preferred class of compounds having an active 
hydrogen group and a group that can be converted to 
carbamate is the hydroxyatkyl cyclic carbonates. 
Hydroxyalkyl cyclic carbonates can be prepared by a 
number of approaches. Certain hydroxyalkyl cyclic car- 
bonates like 3-hydroxypropyl carbonate (i.e.. glycerine 
carbonate) are commercially available. Cyclic carbon- 
ate compounds can be synthesized by any of several 
different approaches. One approach involves reacting 
an epoxy group-containing compound with CO2 under 
conditions and with catalysts as described hereinabove. 



Epoxides can also be reacted with p-butyrolactone in 
the presence of such catalysts. In another approach, a 
glycol like glycerine is reacted at temperatures of at 
least 80 6 C with diethyl carbonate in the presence of a 
catalyst (e.g.. potassium carbonate) to form a hydroxy- 
alkyl carbonate. Alternatively, a functional compound 
containing a ketal of a 1,2-diol having the structure: 

y 

0 0 

y 

R 



can be ring-opened with water, preferably with a trace 
amount of acid, to form a 1,2-glycol, which- is then fur- 
ther reacted with diethyl carbonate to form the cyclic 
carbonate. 

Cyclic carbonates typically have 5-6-membered 
rings, as is known in the art. Five-membered rings are 
preferred, due to their ease of synthesis and greater 
degree of commercial availability. Six-membered rings, 
can be synthesized by reacting phosgene with 1 ,3-pro- 
pane diol under conditions known in the art for the for- 
mation of cyclic carbonates. Preferred hydroxyalkyl 
cyclic carbonates used in the practice can be repre- 
sented by the formula: 



0 




<«>n 



where R (or each instance of R if n is more than 1) is a 
hydroxyalkyl group of 1-18 carbon atoms, preferably 1 -6 
carbon atoms, and more preferably 1-3 carbon atoms, 
which may be linear or branched and may have subsitu- 
45 errts in addition to the hydroxy! (which itself may be pri- 
mary, secondary, or tertiary), and n is 1 or 2. which may 
be substituted by one or more other substituents such 
as blocked amines or unsaturated groups. More prefer- 
ably. R is -C m H 2m OH where the hydroxy! may be pri- 
se mary or secondary and m is 1 to 8, and even more 
preferably, R is -(CH 2 ) p -OH where the hydroxyl is pri- 
mary and p is 1 to 2. 

Lactones that can be ring opened by an active 
hydrogen are well-known in the art. They include, for 
55 example, e-caprolactone, rcaprolactone, p-butyrolac- 
tone, p-propriolactone, r^utyrolactone, a-methyfor- 
butyrolactone, p-methyl-y-butyrolactone. ^valerolac- 
tone, 6-valerolactone. y-nonanoic lactone, y-octanoic 
lactone, and pentolactone. In one preferred embodi- 
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ment, the lactone is e-caprolactone. Lactones useful in 
the practice of the invention can also be characterized 
by the formula; 




0 



wherein n is a positive integer of 1 to 7 and R is one or 
more H atoms, or substituted or unsubstituted alkyl 
groups of 1 -7 carbon atoms. 

The lactone ring-opening reaction is typically con- 
ducted under elevated temperature (e.g., 80-150°C). 
The reactants are usually liquids so a solvent is not nec- 
essary. However, a solvent may be useful in promoting 
good conditions for the reaction even if the reactants are 
liquid. Any non-reactive solvent may be used, including 
both polar and nonpolar organic solvents. Examples of 
useful solvents include toluene, xylene, methyl ethyl 
ketone, methyl isobutyl ketone, and the like. A catalyst is 
preferably present. Useful catalysts include proton acids 
(e.g., octanoic acid, Amberlyst® 15 (Rohm & Haas)), 
and tin catalysts (e.g., stannous octoate). Alternatively, 
the reaction can be initiated by forming a sodium salt of 
the hydroxyl group on the molecules to react with the 
lactone ring. 

The lactone ring-opening reaction provides chain 
extension of the molecule if sufficient amounts of the 
lactone are present. The relative amounts of the car- 
bamate or urea compound and the lactone can be var- 
ied to control the degree of chain extension. The 
opening of the lactone ring with a hydroxyl or amine 
group results in the formation of an ester or amide and 
an OH group. The OH group can then react with another 
available lactone ring, thus resulting in chain extension. 
The reaction is thus controlled by the proportion of lac- 
tone in the relative to the amount of the active hydrogen 
initiator compound. In the practice of the present inven- 
tion, the ratio of equivalents of lactone to equivalents of 
active hydrogen groups is preferably from 0.1:1 to 10:1, 
and more preferably from 1:1 to 5:1. When the lactone 
is opened with with an acid, the resulting compound has 
an acid group, which can then be converted to a 
hydroxyl group by well-known techniques such as reac- 
tion with ethylene oxide. 

A compound (A)(1) having a hydroxyl active hydro- 
gen group can also be reacted with a hydroxy carboxylic 
acid to form the carbamate- or urea-functional com- 
pound (A). Useful hydroxy carboxylic acids include 
dimethylhydroxypropionic acid, hydroxy stearic acid, 
tartaric acid, lactic acid. 2 -hydroxy ethyl benzoic acid, 
and N-(2-hydroxyethyl)ethylene diamine triacetic acid. 
The reaction can be conducted under typical transester- 
ification conditions, e.g., temperatures from room tem- 
perature to 150°C with transesterification catalysts such 
as such as calcium octoate. metal hydroxides (e.g., 
KOH), Group I or II metals (e.g., Na, U), metal carbon- 



ates (e.g., K 2 C0 3 ) which may be enhanced by use in 
combination with crown ethers, metal oxides (e.g., dib- 
utyltin oxide), metal alkoxides (e.g.. NaOCH 3 , 
AI(OC 3 H 7 ) 3 ), metal esters (e.g.. stannous octoate, cal- 

5 cium octoate, or protic acids (e.g., H 2 S0 4 ), MgC0 3 , or 
Ph 4 Sbl. The reaction may also be conducted at room 
temperature with a polymer-supported catalyst such as 
Amberlyst-15® (Rohm & Haas) as described by R. 
Anand, Synthetic C ommunications . 24(19). 2743-47 

to C 99^). the disclosure of which is incorporated herein by 
reference. 

The reaction of compound (A)(1) with compound 
(A)(2) (and conversion of the group(s) that are converti- 
ble to carbamate or urea) will itself result in a compound 

is having the residues of two (A)(1) compounds linked 
together by a the residue of compound (A)(2). Inclusion 
of a polyol in the reaction mixture, with appropriate 
adjustment of the amount of (A)(2) will result in an 
extended compound, as is known in the art. terminated 

20 with (A)(1) compounds. The of equivalents of (A)(1) to 
(A)(2) should be adjusted as is known in the art to 
achieve the desired level of chain extension. Diols may 
be preferred as they provide linear chain extension, 
although polyols of higher functionality can be used if 

25 branching is desired. Virtually any diol or other polyol 
may be used, depending on the properties desired. 
Examples of useful polyols can include 1 ,6-hexane diol, 
2-ethyl-1,3-hexane diol, neopentyl glycol, cyclohexane- 
1 ,4-dimethylol, bisphenol A, polyether polyols such as 

30 Pluronic® polyols sold by BASF Corporation, 1 ,2-hex- 
ane diol. and the like. Useful polyols of higher function- 
ality include trimethytol propane, pentaerythritol, acrylic 
polyols, and the like 

Compounds useful as (A)(2) include phosphorus 

35 compounds such as POCI 3 or hexachlorocyclotriphosp- 
hazene, S0 2 sources such as S0 3 or S0 2 CI 2 . or silane- 
based systems such as substituted or unsubstituted 
cyclic siloxanes or silanes. or substituted or unsubsti- 
tuted linear siloxanes or silanes, which may be 

40 described by the formula SiX m R n where X is a group 
that is reactive with protons, such as a halide. aikoxy, 
hydride, or acetate, R is a group that is non-reactive with 
protons such as alkyl, silane, or siloxane, m=2-4, and 
m+n=4 . 

45 Phosphazene or POCI 3 may be used as compound 
(A)(2) to react with (A)(1). In a typical reaction, one 
equivalent (based on chlorine content) of the phospho- 
rus reagent is dissolved in a dry ether solvent such as 
diethyl ether of tetrahydrofuran to form a solution of 

so approximately 50%. 1.5 equivalents of sodium hydride 
are added followed by one equivalent of (A)(1) (or (A)(1) 
plus other hydroxy carbamate or urea compounds). The 
mixture is allowed to exotherm to the reflux temperature 
of the solvent, with the reaction temperature controlled 

55 by the addition rate of the (A)(1) compound. After addi- 
tion of the (A)(1) compound is complete, the reaction 
mixture is heated to reflux and held for 2-3 hours. The 
mixture is then cooled, filtered to remove sodium chlo- 
ride and any unreacted sodium hydride, and the solvent 
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removed under vacuum. 

Silane-based compounds may aiso be used as 
compound (A)(2). Such compounds may be described 
by the formula SiX m R n where X is a group that is reac- 
tive with protons, such as a halide, alkoxy, hydride, or 
acetate, R is a group that is non-reactive with protons 
such as alkyl, silane, or siloxane, m=2-4, and m+n=4 . 
These compounds may react with (A)(1) in any dry 
aprotic solvent (e.g., tetrahydrofuran) under conditions 
known in the art, which may depend on the nature of the 
X group. When X is a hydride, the reaction is preferably 
begun with chilled reactants (e.g.. 0°C) under an inert 
atmosphere using catalysts such as tin catalysts. After 
the addition of materials is complete, amd dry methanol 
is added to react with any free remaining Si-H bonds. If 
X is a halide. the reaction is preferably begun under an 
inert atmosphere at room temperature. The mixture is 
then heated to reflux to drive the reaction to completion. 
HCI is given off as a by-product. If X is alkoxy, the reac- 
tion is preferably begun under an inert atmosphere at 
room temperature, which may be maintained for the 
duration of the reaction. A molecular sieve may be used 
to absorb the alcohol side product that is formed. 
Slightly basic or acidic pH will accelerate this reaction; 
however, it will also accelerate the formation of Si-O-Si 
bonds. 

For S0 2 sources, the S0 3 can be reacted with the 
(A)(1) by bubbling S0 3 through the (A)(1) compound if it 
is in liquid form or by dissolving (A)(1) in a solvent and 
then bubbling S0 3 through the solution. The reaction of 
S0 2 CI 2 with (A)(1) may be assisted by the pre-reaction 
of (A)(1) with Na or NaOR (where R is an organic radi- 
cal). 

The composition of the invention is cured by a reac- 
tion of the carbamate- or urea-functional compound (A) 
with a component (B) that is a compound having a plu- 
rality of functional groups that are reactive with the car- 
bamate or urea groups on component (A). Such 
reactive groups include active methylol or methylatkoxy 
groups on aminoplast crosslinking agents or on other 
compounds such as phenol/formaldehyde adducts, 
siloxane or silane groups, and anhydride groups. Exam- 
ples of (B) compounds include melamine formaldehyde 
resin (including monomeric or polymeric melamine 
resin and partially or fully alkylated melamine resin), 
urea resins (e.g., methylol ureas such as urea formalde- 
hyde resin, alkoxy ureas such as butylated urea formal- 
dehyde resin), N-methylol acrylamide emulsions, 
isobutoxy methyl acrylamide emulsions, polyanhydrides 
(e.g.. polysuccinic anhydride), and siloxanes or silanes 
(e.g.. dimethyldimethoxy silane). Aminoplast resin such 
as melamine formaldehyde resin or urea formaldehyde 
resin are especially preferred. Also preferred are amino- 
plast resins where one or more of the amino nitrogens is 
substituted with a carbamate group for use in a process 
with a curing temperature below l50 e C, as described in 
U.S. patent 5,300,328. 

A solvent may optionally be utilized in the coating 
composition used in the practice of the present inven- 



tion. The coating composition according to the present 
invention can be applied without solvent, especially if 
the degree of chain extension for component (A) is lim- 
ited. However, in many cases, it is desirable to use a sol- 
5 vent in the coating composition as well. This solvent 
should act as a solvent with respect to both the car- 
bamate- or urea-functional compound (A) as well as the 
component (B). In general, depending on the solubility 
characteristics of components (A) and (B), the solvent 
70 can be any organic solvent and/or water. In one pre- 
ferred embodiment, the solvent is a polar organic sol- 
vent. More preferably, the solvent is a polar aliphatic 
solvents or polar aromatic solvents. Still more prefera- 
bly, the solvent is a ketone, ester, acetate, aprotic 
75 amide, aprotic sulfoxide, or aprotic amine. Examples of 
useful sotvents include methyl ethyl ketone, methyl iso- 
butyl ketone, amyl acetate, ethylene glycol butyl ether- 
acetate, propylene glycol monomethyl ether acetate, 
xylene, N-methylpyrroiidone. or blends of aromatic 
20 hydrocarbons. In another embodiment, the solvent can 
be water or a mixture of water with co-solvents. 

The coating composition used in the practice of the 
invention may include a catalyst to enhance the cure 
reaction. For example, when aminoplast compounds, 
25 especially monomeric melamines, are used as compo- 
nent (B), a strong acid catalyst may be utilized to 
enhance the cure reaction. Such catalysts are well- 
known in the art and include, for example, e-toluenesul- 
fonic acid, dinonylnaphthalene disutfonic acid, dodecyl- 
30 benzenesulfonic acid, phenyl acid phosphate, 
monobutyl maleate, butyl phosphate, and hydroxy phos- 
phate ester. Other catalysts that may be useful in the 
composition of the invention include Lewis acids, zinc 
salts, and tin salts. 
35 Although a solvent may be present in the coating 
composition in an amount of from about 0.01 weight 
percent to about 99 weight percent, it is preferably 
present in an amount of less than 35%, more preferably 
less than 25% and most preferably less than 15%. The 
40 coating composition preferably has a VOC (VOC is 
defined herein as VOC according to ASTM D3960) of 
less than 3.5 lbs/gal, more preferably less than 2.5 
lbs/gal, and most preferably less than 1 .5 lbs/gal. 

Coating compositions can be coated on the article 
45 by any of a number of techniques well-known in the art. 
These include, for example, spray coating, dip coating, 
roll coating, curtain coating, and the like. For automotive 
body panels, spray coating is preferred. One advantage 
that can be achieved with coating compositions accord- 
50 ing to the invention is that coatings with a high degree of 
flexibility can be prepared. Accordingly, in a preferred 
embodiment, the substrate onto which the coating is 
applied is flexible, such as plastic, leather, or textile sub- 
strates. 

55 Any additional agent used, for example, sur- 
factants, fillers, stabilizers, wetting agents, dispersing 
agents, adhesion promoters, UV absorbers. HALS, etc. 
may be incorporated into the coating composition. 
While the agents are well-known in the prior art, the 
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amount used must be controlled to avoid adversely 
affecting the coating characteristics. 

In one preferred embodiment, the coating composi- 
tion according to the invention is preferably utilized in a 
high-gloss coating and/or as the clearcoat of a compos- 
ite color-plus-clear coating. High-gloss coatings as used 
herein are coatings having a 20° gloss (ASTM D523-89) 
or a DO! (ASTM E430-91) of at least 80. In other pre- 
ferred embodiments, the coating composition may be 
utilized to prepare high-gloss or low-gloss primer or 
enamel coatings. 

When the coating composition of the invention is 
used as a high-gloss pigmented paint coating, the pig- 
ment may be any organic or inorganic compounds or 
colored materials, fillers, metallic or other inorganic 
flake materials such as mica or aluminum flake, and 
other materials of kind that the art normally names as 
pigments. Pigments are usually used in the composition 
in an amount of 2% to 350%, based on the total weight 
(not including solvent) of components A and B (i.e., a 
P:B ratio of 0.02 to 3.5). 

When the coating composition according to the 
invention is used as the clearcoat of a composite color- 
plus-clear coating, the pigmented basecoat composition' 
may any of a number of types well-known in the art, and 
does not require explanation in detail herein. Polymers 
known in the art to be useful in basecoat compositions 
include acrylics, vinyls, polyurethanes, polycarbonates, 
polyesters, alkyds, and siloxanes. Preferred polymers 
include acrylics and polyurethanes. In one preferred 
embodiment of the invention, the basecoat composition 
also utilizes a carbamate-functional acrylic polymer. 
Basecoat polymers are preferably Crosslin kable. and 
thus comprise one or more type of cross-linkable func- 
tional groups. Such groups include, for example, 
hydroxy, isocyanate. amine, epoxy, acrylate, vinyl, 
silane, and acetoacetate groups. These groups may be 
masked or blocked in such a way so that they are 
unblocked and available for the cross-linking reaction 
under the desired curing conditions, generally elevated 
temperatures. Useful cross-linkable functional groups 
include hydroxy, epoxy acid, anhydride, silane, and ace- 
toacetate groups. Preferred cross-linkable functional 
groups include hydroxy functional groups and amino 
functional groups. 

Basecoat polymers may be self-cross-linkable, or 
may require a separate cross-linking agent that is reac- 
tive with the functional groups of the polymer. When the 
polymer comprises hydroxy functional groups, for exam-, 
pie, the cross-linking agent may be an aminoplast resin, 
isocyanate and blocked isocyanates (including isocya- 
nurates), and acid or anhydride functional cross-linking 
agents. 

The coating compositions described herein are 
preferably subjected to conditions so as to cure the 
coating layers. Although various methods of curing may 
be used, heat-curing is preferred. Generally, heat curing 
is effected by exposing the coated article to elevated 
temperatures provided primarily by radiative heat 



sources. Curing temperatures will vary depending on 
the particular blocking groups used in the cross-linking 
agents, howe/er they generally range between 93°C 
and 177°C. The coating composition according to the 

5 present invention is curable even at relatively low cure 
temperatures. Thus, in a preferred embodiment, the 
cure temperature is preferably between 115°C and 
150°C, and more preferably at temperatures between 
1 15°C and 138°C for a blocked acid catalyzed system. 

to For an unblocked acid catalyzed system, the cure tem- 
perature is preferably between 82°C and 99°C The cur- 
ing time will vary depending on the particular 
components used, and physical parameters such as the 
thickness of the layers, however, typical curing times 

75 range from 1 5 to 60 minutes, and preferably 1 5-25 min- 
utes for blocked acid catalyzed systems and 10-20 min- 
utes for unblocked acid catalyzed systems. 

The invention is further described in the following 
examples. 

20 

Preparation 1 

To 171.1 parts of dry amyl acetate was added 119 
parts hydroxypropyl carbamate and 0.09 parts of stan- 
ds nous octoate. The system was heated under inert 
atmosphere to 60°C. 60 parts of X1-9623, a D4 cyclic 
MeH siloxane from Dow Corning was added over 40 
minutes. During the addition of siloxane, the tempera- 
ture was allowed to go up to 70^. Once all the siloxane 
30 had been added, and hydrogen gas evolution had 
ceased, the reaction was held at 60°C for one additional 
hour. 

Example 1 

35 

A paint mixture of 6.90 parts of the Preparation 1, 
1.45 parts of Resimene® 747 (a methoxylated mela- 
mine from Monsanto), and 0.05 parts of dodecyl ben- 
zene sulfonic acid was drawn down to 8 mm on a glass 
40 substrate. The coated substrate was cured at 270°F for 
30 minutes. 

The resulting smooth film was smooth passed 200 
methylethyl ketone double rubs with no noticeable effect 
to the film. 

45 The invention has been described in detail with ref- 
erence to preferred embodiments thereof. It should be 
understood, however, that variations and modifications 
can be made within the spirit and scope of the invention. 

so Claims 

1 . A curable coating composition comprising 

(A) a carbamate- or urea-functional compound 
55 that is the reaction product of a mixture com- 

prising 

(1) a compound comprising a carbamate 
or urea group or a group that can be con- 
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verted to carbamate or urea, and a 
hydroxyl functional group 
(2) a compound comprising inorganic func- 
tional groups that are reactive with 
hydroxy! groups on a plurality of molecules 5 
of compound (A)(1), but that are not reac- 
tive with the carbamate or urea groups on 
compound (A)(1), 

(B) a curing agent comprising a plurality of io 
groups that are reactive with the functional 
groups on compound (A). 

2. A coating composition according to claim 1 wherein 
said compound (A)(1) is a hydroxyalkyl carbamate. 75 

3. A coating composition according to claim 1 wherein 
said compound (A)(1) is a hydroxyalkyl-substituted 
cyclic carbonate. 

20 

4. A coating composition according to claim 1 wherein 
said compound (A)(1) is the reaction product of 

(a) a compound comprising a carbamate or 
urea group or a group that can be converted to 25 
a carbamate or urea group, and an active 
hydrogen group, and 

(b) a lactone, 



said compound (1) is a hydroxyalkyl-substituted 
cyclic carbonate. 

10. A coating composition according to claim 6 wherein 
said compound (1) is the reaction product of 

(a) a compound comprising a carbamate or 
urea group or a group that can be converted to 
a carbamate or urea group, and an active 
hydrogen group, and 

(b) a lactone, 

11. A coating composition according to any of claims 1 
to 10 wherein compound (B) is an aminoplast. 

12. A coating composition according to claim 11 
wherein said aminoplast is a melamine resin. 

13. A coating composition according to any of claims 1 
to 12 that is a clear coating composition. 

14. A coating composition according to any of claims 1 
to 12, further comprising a pigment. 

15. An article comprising a substrate having thereon a 
cured coating derived from a coating composition 
according to any of claims 1-14. 



5. A coating composition according to any of claims 1 30 
to 4 wherein said compound (A)(2) is selected from 
the group consisting of POCI 3 , phosphazene, S0 2 . 
substituted or unsubstituted cyclic siloxanes or 
silanes, or substituted or unsubstituted linear 
siloxanes or silanes. 35 



6. A coating composition according to any of claims 1 
to 5 wherein said compound (A) is the reaction 
product of a mixture comprising 

40 

(1) a compound comprising at least one car- 
bamate or urea group or a group that can be 
converted to carbamate or urea, and at least 
one hydroxyl group, 

(2) a polyol, and 45 

(3) a compound comprising inorganic func- 
tional groups that are reactive with hydroxyl 
groups on a plurality of molecules of compound 
(A)(1), but that are not reactive with the car- 
bamate or urea groups on compound (A)(1). so 

7. A coating composition according to claim 6 wherein 
said polyol includes a polyol compound having at 
least one carbamate group attached thereto. 

55 

8. A coating composition according to claim 6 wherein 
said compound (1) is a hydroxyalkyl carbamate. 

9. A coating composition according to claim 6 wherein 
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